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(54) Martensltic stainless steel products 

(57) A martensltic stainless steel product having a 
chromiunn content of 9 to 15 % by weight and a surface 
from which mill scales generated during production are 
removed by a shot blasting. The surface satisfies that, 
when a color image of the surface taken with 640 X 480 
pixels is analyzed on blue cotor and a histogram of the 
pixel numbers and the tones divided into 0 to 255 class- 



es is obtained, a relationship between the maximum fre- 
quency Yp and the tone value Xp at which Yp is counted 
satisfies an inequality, SOOXp - Yp - 27000 > 0. This steel 
product is superior in weatherability under atmospheric 
environments, and also superior in sulfide stress crack- 
ing resistance under environments containing hydra- 
sulfide. 
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D scription 

BACKGROUND OF THE INVENTION 

5 [0001] The present invention relates to a martensltic stainless steel product containing chromiunn In the range of 9 
to 15 % by weight, which is mainly used under environments containing hydro-sulfide such as oil wells and gas wells 
(hereinafter, referred to simply as "oil well") or chemical plants. In particular, the present invention concerns a martensitic 
stainless steel product which is superior in weatherability under atmospheric environments during transportation and 
storage, and also superior in corrosion resistance, more specifically, in sulfide stress cracking resistance, even under 

10 environments containing hydro-sulfide. 

[0002] With respect to steel products widely used in the application under oil well environments, steel pipes, steel 
sheets, etc. are listed, and among these, the steel pipes include seamless steel pipes and welded steel pipes. 
[0003] One of the typical production methods for seamless steel pipes is the so-called Mannesmann-mandrel mill 
method, and this method is widely used because of its superior dimensional precision and productivity. 

IS [0004] Its pipe making process generally consists of a heating process in which a round billet as a material is heated 
to a predetermined processing temperature, a piercing process in which the heated round billet is formed Into a hollow 
shell by using a piercing mill, an elongating process In which the hollow shell is formed into a pipe for finish rolling by 
using a mandrel mill, a re-heating process in which the pipe for finish rolling is again heated, and a finish rolling process 
in which the pipe for finish rolling thus again heated Is shaped so as to have a predetermined product dimension by 

20 using a stretch reducing mill 

[0005] In this case, in general, the heating temperature of the material round billet is set at 1100 to 1300*^C, the pip 
temperature after the elongating process by the mandrel mill is set at 800 to 1000°C, the re-heating temperature of 
the pipe for finish rolling is set at 850 to 1100*C, and the finish temperature by the stretch reducing mill is set at 800 
to 1000''C. 

2S [0006] Inthe caseof welded steel pipes, a steel Sheet as a material is finished so as to have a predetermined product 
dimension by using a method, such as an ERW (electric-resistance welding)-pipe nnaking method, a UO-(UO press- 
submerged arc welding)-pipe making method, and a laser welding-pipe making method. 

[0007] Thereafter, in the case of the steel pipe made of martensitic stainless steel containing chromium in the range 
of 9 to 15 % by weight (hereinafter, referred to simply as "martensitic stainless steel pipe"), the product is further 
30 subjected to a quenching process at not less than 90a»C, and then to a tempering process at 600 to 750»C so as to 
impart a predetermined strength. 

[0008] During the producing process of such a martensitic stainless seamless steel pipe or steel plate for welded 
steel pipe, In the case of the seamless steel pipe, it Is subjected to a heat treatment of 600 to 1300'»C during the 
respective processes, and in the case of the welded steel pipe, a steel plate is subjected to heating at 600 to 1000*0 
35 during a formation process into a steel pipe and a heat treatment process after the pipe formation. For this reason, 
oxide scales (hereinafter, referred to simply as "mill scales") inevitably are generated on the Inner and outer surfaces 
of the pipe, 

[0009] Normally, mill scales are completely removed by a pickling process applied after the shot blasting process. 
This is because, in general, it is considered that a chromium depression zone exists in the base material steel right 
40 under the mill scales and that a desirable corrosion resistance can not be obtained without removing this chromium 
depression zone as well as the mill scales. 

[0010] The combination of the shot blasting process and the succeeding pickling process is provided because the 
application of only the pickling process takes a long time to completely remove the mill scales and the chromium 
depression zone, resulting In degradation in productivity. 

45 [0011] However, the pickling process requires a number of sub-processes and great costs, resulting in degradation 
in productivity and an increase in the production costs of the products, as well, as causing deterioration in working 
environments due to acid mist. etc. For this reason, from the viewpoints of improvements in productivity, maintenance 
of good working environments and reduction of the production costs of the products, there have been ever-increasing 
demands for the simplification of the pickling process, and further, the elimination of the pickling process. 

so [0012] With respect to the shot blasting process, methods are proposed in which grains made of 13 % chromium 
steel, which is the same as the processed steel, or alumina are used as the grains for shot blasting. The reason for 
this Is described as follows: if iron grains are used for the blasting process for stainless steel, pulverized fine particles 
resulting from the iron grains for shot blasting remain on the surface of the stainless steel product, and in the case 
when the pickling process is omitt d. rust dev tops from the fine particles of th iron grains for shot blasting s rving 

ss as starting points in atmospheric environments; this causes so-call d rust deposition, resulting in deterioration in the 
appearance of the products. Moreover, the rust deposition serves as a starting point of the occurrence of pitting cor- 
rosion, and accelerates corrosion under actual service environments, such as, high -temperature, high-moisture envi- 
ronments including carbon dioxide gas and hydro-sulfide in the case of oil country tubuler goods. 
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[0013] However, even in the case wh n the grains for shot blasting made of 13 % chromium steel or alumina are 
used, the martensitic stainless steel containing chromium in the range of 9 to 15 % by weight is sometimes subjected 
to slight corrosion when left in atmospheric environments, if the pickling process is omitted. 

[001 4] Conventionally, there is hardly any researches made on the relationship between the operation conditions of 
s the shot blasting process and the generation of rust. At present, in actual operations, a pickling process for a short 
period of time is further carried out after the shot blasting process, or the processing time of the shot blasting Is extended 
sufficiently longer than is necessary so as to completely blast and remove the chromium depression zone; consequently, 
the efficiency of the shot blasting process deteriorates. 

[0015] However, some researches have been made on not only these grains for shot blasting, but also the shot 
10 blasting method itself. IVIore specifically, in a commonly-used shot blasting method which is a so-called pressure blast 
system, grains for shot blasting are discharged and blasted onto target materials together with compressed air How- 
ever, the pressure blast system has the following problems: Running costs increase because of a high power con- 
sumption of the compressor, the compressor generates a high pressure, resulting in the possibility of rupturing^ and 
fine grains of shot blasting scatter around, causing degradation in the working environments. 
IS [0016] For this reason, a so-called vacuum suction blast system , which utilizes the air suction function of an air 
suction device, has been proposed as a new shot blasting method for shot blasting a pipe inner surface. For example, 
this method is proposed by Japan Laid-Open Patent Application No. 60-263671. Moreover, blasting devices of the 
vacuum suction blast system, which enhance the blasting efficiency of this method by adjusting the difference in static 
pressures or circulating the air flow, have been proposed by, for example, Japanese Laid-open Patent Application No. 
20 63-22271 and Japanese Laid-Open Patent Application No. 6-270065. 

[0017] However, the objective of these conventional proposals is to make the vacuum suction blast process more 
efficient, and it is necessary to apply a pickling process after the shot blasting process so as to completely remove 
scales. 

[0018] In recent years, elimination of the pickling process has been demanded as described earlier, and perform- 
25 ancGS of the surface state after the shot blasting process, as it is, have bocomo more important. However, at present, 
no standard has been established about the extent to which the surface state has to be finished by the shot blasting 
process in order to ensure a desired corrosion resistance. An excessive shot blasting process causes a reduction In 
productivity, and an insufficient shot blasting process causes degradation in corrosion resistance. 

30 DISCLOSURE OF THE INVENTION 

[0019] The objective of the present invention is to provide a martensitic stainless steel product which Is superior In 
rust forming resistance under atmospheric environments even when left in a surface state after a shot blasting process, 
as it is, and which Is also superfor in corrosion resistance, more specifically, in sulfide stress cracking resistance, even 
35 under service environments containing hydro-sulfide. The martensitic stainless steel product of the present invention 
having the surface state after a shot blasting process, as it is, does not require a pickling process during its production; 
therefore, this product makes it possible to improve the working environments and productivity, and also to reduce 
production costs. 

[0020] The steel product of the present Invention is a martensitfc stainless steel having a chromium content of 9 to 
40 15 % by weight, and a surface state such that mill scales generated during the production have been removed from 
its surface by the shot blasting method. The surface state satisfies the following conditions: when a color image of the 
surface Is analyzed with respect to blue and a tone Is obtained, in a histogram of the value of the tone X and the number 
of pixel Y, the maximum frequency Yp of the pixels and the tone value Xp at whfch the maximum frequency Yp has 
been counted have a relationship whteh satisfies the following inequality: 800Xp - Yp - 27000 > 0. Here, the number 
45 of the pixels of the color Image is 640 X 480, and the tone values represent values obtained by dividing the tone of 
the pixels into 0 to 255 classes. 

[0021] Preferably, the above-ment toned color Image Is a pickup Image of the surface of a steel product, taken with 
an adjusted luminance of 200 Ix by using a metal halide lamp. 

[0022] The surface roughness of the steel product of the present Invention is preferably set to have a maximum 
50 height Ry of not more than 80 |im, and more preferably not more than 50 ^m. More specifically, in the case of the 

vacuum suction blast system used as the shot blasting method, it is preferably set to be not more than 80 fim, and in 

the case of the pressure blast system, it is preferably set to be not more than 60 \m. Here, the above-mentioned 

maximum height Ry refers to the maximum hoight standardized by JIS B 0601 (hereinafter, the same is true). 

[0023] The base material may be a martensitic stainless steel which contains 9 to 15 % by w ight of chromium, 
55 pr ferably further contains not more than 0.5 % carbon, not more than 1 % silicon, not mor than 5 % mangan se, 0 

to 8 % nickel, 0 to 7 % molybdenum, 0 to 0. 1 % titanium, 0 to 0.1 % zirconium. 0 to 0. 1 % niobium and 0 to 0. 1 %sol. 

aluminum. 

[0024] With respect to the above-mentioned martensitic stainless steel products, in the case of a steel pipe, the 
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surface state of at leas^ the inner surface satisfies the above-mentioned inequality: SOOXp - Yp - 27000 > 0, and Its 
surface roughness is sr to be not more than 80 \irry, praferably not more than 50 pm. The above-mentioned martensitic 
stainless steel product is superior in weatherability under atmospheric environments during production, transportation 
and storage in warehouses or yards, and also superior in sulfide stress cracking resistance, under service environments 
s containing hydro-sulfide in oil wells, chemical plants, etc. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] FIG. 1 is a graph that shows the relationship between the pitting corrosion electrical potential and the surface 
10 roughness in a deaerated solution containing Ch Ions of 100 ppm, 

[0026] FIG. 2 is a schematic enlarged cross-sectional view that shows an irregular state of a steel product surface 
after having been subjected to a shot blasting process of a pressure blast system. 

[0027] FIG. 3 Is a schematic enlarged cross-sectional view that shows an irregular state of a steel product surface 
after having been subjected to a shot blasting process of a vacuum suction blast system. 

IS 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

[0028] The Inventors of the present invention have carried out detailed researches on influences that are exerted by 
the state of a steel product surface, such as pipe Inner surface, having remaining mill scales and the surface roughness, 
20 as it is, after having been subjected to a shot blasting process on the rust forming resistance under atmospheric en- 
vironments and the sulfide stress cracking resistance under service environments containing hydro-sulfide. As a result, 
they have found the folfowing facts and completed the present invention. 

[0029] The state of a steel product surface having remaining mill scales after a shot blasting process gives great 
influences on the rust forming resistance under atmospheric environments; however, it gives less influence on the 
2S sulfide stress cracking resistance under environments containing hydro-sulfide. The following description will give a 
detailed explanation thereof. 

[0030] The reason that rust formation is influenced by the state with remaining mill scales is because the starting 
point of rust formation resides in a chromium depression zone right under the remaining mill scales. In other words, 
when mill scales exist In an amount exceeding a certain threshold value per unit area, rust generated in the chromium 

30 depression portion becomes noticeable clearly as rust. 

[0031] Conventionally, the degree ot remaining mill scales has been judged by workers through visual inspection 
and controlled so as to be less than a reference amount at which supposedly no rust is generated. However, the 
judgment varies greatly depending on individual workers, and when the products are left under atmospheric environ- 
ments, there are variations in the degree of rust formation. Therefore, in the actual operations, a shot blasting process 

35 for a sufficiently long time is inevitably carried out so as to provide a surface state that is finished more completely than 
is necessary; consequently, this causes degradation in productivity 

[0032] Therefore, in order to obtain an appropriate shot-blasted product surface free from rust formation, the state 

of the surface having remaining mill scales is estimated by using an image-processing method. 

[0033] More specifically, after a shot blasting process, an image of the surface of a steel product was picked up by 

40 a CCD camera with an adjusted luminance of 200 Ix by using a metal halide lamp, and the pickup color image of the 
surface having 640 x 480 pixels was inputted to an image analyzing device; thus, the resulting tone for each of the 
three primaries (red, blue, green) was classified into 0 to 255 classes, and a histogram was formed on the tone value 
X and the number of pixels Y for each tone value so that the relationship between the histogram of pixel number and 
the surface state after a shot blasting process was analyzed. 

45 [0034] As a result, it was confirmed that the maximum frequency Yp of the pixel number histogram and the tone 
value Xp at which the maximum frequency Yp was counted varied depending on the remaining state of mill scales after 
the shot blasting process. When there were few remaining mill scales, the tone value Xp at which the maximum fre- 
quency Yp had been counted became higher, while the maximum frequency Yp became lower. In contrast, where there 
were many remaining mill scales, the tone value Xp at which the maximum frequency Yp had been counted became 

so lower, while the maximum frequency Yp becanr^e higher. Furthermore, it was found that, among the three primaries, 
the above-mentioned relationship appears most clearly in the case of blue. 

[0035] Based on these findings, various specimens were prepared in which the maximum frequency Yp of the pixel 
number histogram with respect to blue and the tone value Xp at which the maximum frequency \p had been counted 
wer set at different values, and rust formation tests wer carried out by using thes sp cimens. In the t sts, the 
ss specimens were left Inside a constant temperature and moistur testing device having a temperatur of 50**C and a 
humidity of 98 % for one w ek, 

[0036] As a result, it was confirmed that in a steel product having a surface state in which the relationship between 
the maximum frequency Yp and the tone value Xp satisfied an inequality, BOOXp - Yp - 27000 > 0, no rust formation 



4 



EP 1 008 666 A1 



25 



was visually observed. In contrast, In the case when the relationship between the maximum frequency Yp and the tone 
value Xp WRS represented by an inequality 800Xp - Yp - 27000 < 0, rust formation was visually observed. 
[0037] The reason that no rust is formed in the case when the surface state satisfies 800Xp - Yp - 27000 > 0 is 
because mill scales have been sufficiently removed so that remaining mill scale portions, which sen/e as starting points 

s of rust formation, that is, the remaining areas of the chromium depression zone, have been reduced. 

[0038] Therefore, in the present inventbn, it is defined that, in order to impart sufficient rust forming resistance to 
the shot blasted surface, the relationship between the maximum frequency Yp of the pixel number histogram and the 
tone value Xp at which the maximum frequency Yp has been counted must satisfy the inequality, BOOXp - Yp - 27000 
> 0. In the case of the martensitic stainless steel product produced by the above-mentioned processes, the depth to 

10 the chromium depression zone right under mill scales is as small as 2 ftm. For this reason, at portions where mill scales 
have been sufficiently removed by the shot blasting process, the base material surface portion of the steel product is 
also blasted and removed together with the mill scales. With this blasting and removing process, most of the shallow 
chromium depression zone is removed. 

[0039] Furthermore, tests were carried out on the sulfide stress cracking resistance under environments containing 
15 hydro-sulfide by using specimens having varbus degrees of remaining mill scales; however, hardly any specific differ- 
ences were observed. 

[0040] On the other hand, the surface roughness of a steel product after a shot blasting process gives effects on 
both of the rust forming resistance under atmospheric environments and the sulfide stress cracking resistance under 
environments containing hydro-sulfide. An explanation will be given more specifically as follows: 
20 [0041] In atmospheric environments, even in the case when the remaining stale of mill scales satisfies the above- 
mentioned inequality, 800Xp - Yp - 27000 > 0, if the surface roughness has a maximum height Ry exceeding 80 |im, 
regardless of shot blasting processes, the pitting corrosion electrical potential, measured in a deaerated water solution 
containing CI" ions of 100 ppm. becomes extremely low as shown in FIG. 1 . For this reason, when left under atmospheric 
environments for a month, rust fonnation was clearly obsen/ed on the steel product. In contrast, in the case of the 
maximum height Ry not more than 80 jam, the pitting corrosion electrical potential becomes very high, and hardly any 
rust formation was clearly obsen^ed even when left under atmospheric environments. 
[0042] The reason that, in the case Whi3h the suffice foUghhess has a maximum hefrght Ry exceeding 80 ^m, rust 
formation is clearly observed through visual inspection Is because salinity and moisture suspended in the atmosph re 
deposit in recessed portions on the surface of the steel product to a great degree, with the result that these salinity 
30 and moisture serve as starting points of rust formation. 

[0043] With respect to the generation of sulfide stress cracking under environments containing hydro-sulfide, at first, 
fine pits are formed by pitting corrosion, and then, stress concentration occurs at these pits serving as starting points, 
resulting in cracking. 

[0044] The surface of a steel product having been subjected to a shot blasting process has a shape In which fine 
35 recesses and protrusions continuously exist. It is considered that stress concentration occurs in these recesses, re- 
sulting in sulfide stress cracking. In the case of a steel product subjected to the pressure blast system, if the surface 
roughness has a maximum height Ry exceeding 50 ^m, the generation of sulfide stress cracking was observed, and 
in the case of a steel product subjected to the vacuum suction blast system, if the surface roughness has a maximum 
height Ry exceeding 80 fim, the generation of sulfide stress cracking was also obsen/ed. In contrast, in the case of a 
40 steel product subjected to the pressure blast system with a maximum height Ry not more than 50 fim, and in the case 
of a steel product subjected to the vacuum suction blast system with a maximum height Ry not more than 80 ^.m, 
neither of them were subjected to the generation of sulfide stress cracking. The reason for this is given as follows: 
[0045] FIG. 2 and FIG. 3 are schematic enlarged cross-sectbnal views that show irregular surface states of steel 
products with surface roughness having virtually the same maximum height Ry, and the steel products were respectively 
45 treated by the shot blasting method of the pressure blast system and the shot blasting method of the vacuum suction 
blast system. FIG. 2 shows the case of the pressure blast system, and FIG. 3 shows the case of the vacuum suction 
blast system. 

[0046] As illustrated in FIG. 3, the surface treated by the vacuum suction blast system has an irregular shape with 
a smooth curved edge portion. In contrast, as illustrated in FIG. 2, the surface treated by the pressure blast system 
so has an irregular shape with a sharp burr edge portion. Stress concentration tends to occur in the bottom of each recess 
with a sharp notched shape, thereby forming a starting point of sulfide stress cracking. Actually, cracks were observed 
In the bottoms of the recesses with such a sharp notched shape. It was found that the difference in susceptibility to 
sulfide stress cracking is caused by the difference in such irregular shapes. 

[0047] Here, the reason that the diff r nt irr gular shapes are respectively formed by th pressure blast system and 
55 the vacuum suction blast system as described above is mainly because there is a diff rence In collision angles at which 
grains for shot blasting are collided onto the surfac to be blast d. More specifically, in the pressure blast system, In 
its normal op ration conditions, the angle of a nozzle for discharging grains for shot blasting is fixed at approxinnately 
25 to 40* with respect to the surface to be blasted, and th grains for shot blasting, discharged from the nozzle, are 
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allowed to collide with the surface to be blasted with a virtually constant collision angle. 

[0048] In contrast, in the case of the vacuum suction blast system, since grains for shot blasting, supplied from one 
of the tube ends, are sucked from the other tube end, the collision angle of each grains for shot blasting deviates with 
respect to the surface to be blasted, irregularly in the range of approximately 10 to 45°. It Is considered that such 
s random collisions of the grains onto the surface to be blasted with various collisbn angles result in the above-mentioned 
irregular shape with a smooth edge portion. 

[0049] Here, even in the case of the pressure blast system, the surface having an irregular shape with a smoothly 
curved edge portion is obtained by reducing the set angle of the nozzle. However, this extremely reduces the blasting 
efficiency, and is not practically used. In other words, in the case of the pressure blast system, blasting is carried out 

10 by utilizing kinetic energy exerted by grains for shot blasting that are uniformly discharged from the tip of the nozzle at 
the time of their first collision. Therefore, the smaller the collision angle, the greater the distance from the nozzle 
discharging outlet to the surface to be blasted, with the result that the grains for shot blasting are allowed to collide 
with the surface to be blasted only after they have lost their highest kinetic energy Although the grains for shot blasting 
are allowed to collide with the surface to be blasted with their highest kinetic energy by increasing the air pressure, 

IS this requires excessive energy and results in high costs. 

[0050] The following description will discuss the martensitic stainless steel product of the present invention in more 
detail. 

[0051] First, an explanation will be given of a base material. The present invention relates to production of a mar- 
tensitic stainless steel so that the base material is martensitic stainless steel at least containing 9 to 15 % by weight 

20 of chromium. The content of chromium less than 9 % by weight fails to ensure desired corrosion resistance, that is, 
more specifically, desired sulfide stress cracking resistance. In contrast, the content of chromium exceeding 15 % by 
weight generates a 5-ferrite phase, resulting in degradation in corrosion resistance. Moreover, the hot workability de- 
teriorates, causing degradation in productivity, and the material cost increases, resulting in a reduction in economy. 
Thus, the content of chromium is set in the range of 9 to 15 % by weight. 

2S [0052] The above-mentioned base material may martensitic stainless steel containing 9 to 15 % by weight of chro- 
mium. Preferably, in addition to chromium, the base material further may contain not more than 0.5 % carbon, not mor 
than 1 % silicon, not more than 5 % manganese, 0 to 8 % nickel, 0 to 7 % molybdenum, 0 to 0.1 % titanium, 0 to 0.1 
% zirconium, 0 to 0.1 % niobium and 0 to 0.1 % sol. aluminum. 

[0053] Next, an explanation will be given on the relationship between the surface roughness and the corrosion re- 

30 sistance In more detail. 

[0054] With respect to the relationship between the surface roughness and the corrosion resistance, in general, the 
rougher the surface roughness, the poorer the corrosion resistance. This is because metal ions such as Fe^*, leached 
from local anodes, deposit in recesses on the Irregular surface and H+ ions are generated due to hydrolysis of these 
metal bns, with the result that corrosion Is allowed to progress more easily due to a decrease in the pH value. 

35 [0055] In the case of the martensitic stainless steel, since hydrogen intrudes into the steel as corrosion progresses 
under environments containing hydro-sulfide, it is sometimes subjected to sulfide stress cracking in a state where a 
load is imposed thereon. In this manner, when the surface is rough, the steel is more susceptible to corrosion, with the 
result that sulfide stress cracking is more likely to occur 

[0056] Detailed researches were made on the resistance to sulfide stress cracking of the martensitic stainless steel 
40 under environments containing hydro-sulfide. As a result, in comparison with a standard sample having a wet-polished 
surface, in the case of a steel product subjected to the pressure blast system, when the surface roughness has a 
maximum height Ry exceeding 50 iim, and in the case of a steel product subjected to the vacuum suction blast system, 
when It has a maximum height Ry exceeding 80 jam, the corrosion speed becomes abruptly high in both of the cases, 
causing an increase in the susceptibility to sulfide stress cracking and the resulting degradation In the sulfide stress 
45 cracking resistance. 

[0057] However, it is confirmed that if the maximum height Ry is set to not more than 50 [im in the case of the pressure 
blast system, and to not more than 80 |am in the case of the vacuum suction blast system, it is possible to ensure a 
sulfide stress cracking resistance as high as that of the standard sample. Thus, regardless of the shot blasting proc- 
esses, it Is better that the surface roughness after the process is set to have a maximum height Ry of not more than 
so 80 \jum to ensure a sulfide stress cracking resistance. Moreover, in the case when mill scales on the surface of a steel 
product are removed by the shot blasting method of the pressure blasting system, it is better that the surface roughn ss 
after the process is set to have a maximum height Ry of not nnore than 50 ^m to ensure both of a rust forming resistance 
and a sulfide stress cracking resistance. 

[0058] Here, forth' r asons as describ d earlier, th greater surf ac roughness aft rth removal of mill seal sis 
ss applicabi in the case of the shot blasting method of the vacuum suction blast syst m. as compar d with the shot 
blasting method of the pressur blast system. In oth r words, in the pressure blast syst m, the irregular surface having 
a sharp burr edge portion is formed, and stress concentration occurs on the bottom of the recess having a sharp 
notched shape, and these rec sses tend to form the starting points for cracking; in contrast, in the case of the vacuum 
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suction blast system, the irregular surface having a smooth curved edge portbn Is formed, the bottoms of these re- 
cesses are less susceptible to stress concentration, and less likely to form the starting points for cracking. 
[0059] The above-mentioned surface roughness is easily obtained by adjusting factors, such as the size and the 
charge of grains for shot blasting and the blast processing time, and the processing conditions are not particularly 

s limited. The processing conditions of the shot blasting process include various factors, such as the property and thick- 
ness of mill scales on the surface of a steel product to be processed, the size and the charge of the grains for shot 
blasting, the discharging angle and air pressure in the case of the pressure blast system, and the flow rate and the 
size of the steel product to be processed in the case of the vacuum blast suction. These factors are cbseiy correlated 
so that any change in one factor results in a change in the results of the process even if the other conditions are the same. 

10 [0060] Here, with respect to grains for shot blasting, it is preferable to use grains made of alumina or steel grains 
made of the same material as the steel product to be processed. This is because to omit the pbkling process after the 
shot blasting process is a premise of the present invention, and in the case of the application of iron grains for shot 
blasting, which is commonly used, pulverized fine particles of the iron grains for shot blasting, which inevitably deposit 
on the surface after the process, serve as starting points for rust deposition, resulting In degradation in rust forming 

IS resistance. Moreover, pitting corrosion occurs with the rust deposition serving as the starting points, resulting in deg- 
radation in corrosion resistance. 

[0061] The martensitic stainless steel product of the present invention may have any shape of a steel sheet, shape 
steel rod steel, a steel pipe, etc. Moreover, the steel pipe may be either a seamless pipe or a welded steel pipe, and 
its pipe forming method is not particularly limited. Furthermore, when the steel pipe is used for transporting fluids, such 
20 as gases and liquid, mainly its inner pipe surface demands corrosion resistance such as sulfide stress cracking resist- 
ance, and the state of the outer pipe surface need not be specifically regulated. However, since rust forming resistance 
is also required with respect to the outer pipe surface, it is preferable to process the outer pipe surface in the same 
manner as the inner pipe surface. 

[0062] Moreover, in the case when the shot blasting process of the vacuum suction blast system Is applied to th 
outer surface of a stool pipe and the surface of stool sheet, shape stool and rod steel, the steel product to be processed 
is placed in a vessel one end of which is connected to a supply device for grains for shot blasting, with the other end 
being connected to a suction device. In this case, If the steel product to be processed is a steel pipe, plugs are inserted 
into both of the ends; thus, only the outer surface Is subjected to the process. 

[0063] Additionally, in the case when iron grains for shot blasting have to be used in the shot blasting process for 
30 any reason and a pickling process is applied after the shot blasting process, with respect to the steel product surface, 
the outer surface in the case of a steel pipe, that is not subjected to corrosive fluids containing hydro-suifide. iron grains 
for shot blasting can be used without being limited In their kinds, and no limitation is given to the method for pickling. 
[0064] Furthermore, with respect to the martensitic stainless steel product of the present invention, if its place of use, 
place of storage, etc. demand high corrosion resistance due to atmospheric environments such as those in beach 
3S sides, etc. , and if the product is highly susceptible to rust formation, a primary rust protection process such as applicatkDn 
of oil, etc. may be carried out: as an additional process. 

EXAMPLE 1 

40 [0065] Six kinds of steels, whose chemical compositions are listed in Table 1 , were prepared; and the steel Nos. a 
through c were used in Example 2, and steel Nos. d through f were used in Example 1. With respect to steel Nos. d 
through f, solid round billets of 1 92 mm in outer diameter and steel sheets of 6 mm in thickness, 1015 mm in width and 
30 m in length were respectively prepared. 

45 Table 1 



Steel No. 


Chemical Composition (wt. %) 


C 


Si 


Mn 


P 


S 


Ni 


Cr 


Mo 


a 


0.18 


0.19 


0.51 


0.022 


0.003 


0.07 


12.9 


0.01 


b 


0.05 


0.25 


113 


0.018 


0.001 


1.72 


10.7 


0.01 


c 


0.01 


0.22 


0.28 


0.012 


0.001 


5.9 


12.2 


1.95 


d 


0.19 


0.18 


0.53 


0,023 


0.003 


0.08 


12.8 


0.01 


e 


0.03 


0.28 


1.15 


0.018 


0.001 


1.89 


10.9 


0.11 


f 


0.01 


0.19 


0.22 


0.018 


0.001 


5.8 


12.1 


2.02 


Note: The rest of the composition is virtually iron. 
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[0066] After having been heated to 1250''C, the solid round billets piered into a hollow shell by using a piercer mill, 
and then successively formed into a mother pipe for finish rolling by a mandrel mill, and after having been re-heated 
to 1 1 00^*0, this was finished to a seamless steel pipe by a stretch reducing mill so as to have 63 mm in outer diameter 
and 6 mm in thickness, and then cut so as to have 12 m in length. 

[0067] Moreover, with respect to a steel sheet having 6 mm in thickness, 1015 mm in width and 30 m in length, this 
was formed into a pipe having 323 mm in outer diameter and 6 mm in thickness, and then seam welded in the length 
direction by using a laser welding method, and this is then cut so as to provide a laser welded steel pipe having 12 m 
in length. 

[0068] The respective resulting steel pipes were subjected to a quenching process In which they were heated to 
950**C and maintained at this temperature for 60 minutes and then cooled off by air, and then subjected to a tempering 
process in which they were heated to 650°C and maintained at this temperature for 30 minutes and then cooled off by 
air; thus, steel pipes with mill scales were prepared. Here, with respect to steel No. f, it may be subjected to a quenching 
process in which after heated and maintained, this is cooled off by water; however, in the present example, the quench- 
ing process which uses cooling by air after the steel product has been heated and maintained was adopted. 
[0069] Shot blasting processes of the vacuum suction blast system and the pressure blast system using alumina 
grains for shot blasting were respectively carried out on the inner surface of the steel pipes with mill scales thus obtained; 
consequently, pipes having various mill scale remaining states were obtained with their inner surfaces adjusted to 
various degrees of surface roughness. 

[0070] With respect to each of the steel pipes which had been subjected to the shot blasting processes, a color image 
of the inner surface was picked up by a CCD camera, and the color image thus picked up was analyzed with respect 
to blue so as to form a pixel number histogram with the tone of 0 to 255 classes, and the peak frequency Yp and the 
shading value Xp at which the peak frequency Yp had been counted were found. In this case, the image pickup by the 
CCD camera was carried out with an adjusted surface luminance of 200 Ix by using a metal halide lamp. Moreover, 
the image analysis was carried out by dividing an Image obtained on an area of 36 mm X 30 mm into pixels consisting 
of 640 X 480. 

[0071] Specimens were taken from the portions of the steel pipes after having been subjected to the image analysis, 
and underwent tests for sulfide stress cracking and simulation tests for rust formation as described below. 

Tests for sulfide stress cracking: 

[0072] Four-point bent beam specimens having 2 mm in thickness, 1 0 mm in width and 75 mm in length were prepared 
with the inner pipe surface having been subjected to the shot blasting process left as it was, and these underwent tests 
for sulfide stress cracking under any one of the following 3 test conditions A to C shown in Table 2. 



Table 2 



Test conditkMi 


Hydro-sulfide 
(atm) 


Carbon dioxide 
gas (atm) 


NaCI (%) 


PH 


Temperature 
CO) 


Period of 
immersion (hr) 


A 


0.003 


30 


10 


3.5 


25 


720 


B 


0.001 




1 


4.5 






C 


0,01 




5 


4.0 







[0073] In this case, in order to obtain a reference value, four-point bent beam specimens, which had the same shap 
and dimension as those as described above and which were finished through wet polishing by using emery paper 
(#600) on the entire surface, were prepared, and these also underwent the same tests for sulfide stress cracking. 
Moreover, a bending strain causing a bending stress corresponding 100 % of the 0.2 % yield stress of each steel 
specimen was applied to the four-point bent beam specimen. 

[0074] After the tests, each of the specimens was observed on its surface with naked eye and examined on its cross- 
section by an optical microscope so as to examine the presence of cracking. Under the conditbn where no sulfide 
stress cracking occurred in the reference specimen which has the entire polished surface, those on which cracking 
was observed were estimated as being inferior "X": and those on which no cracking was obsen^ed were estimated as 
being superior "O". 

Rust formation simulation test: 

[007S] Rectangular-shaped specimens having 3 mm in thickness and 20 mm in length were prepared with the inner 
pipe surface having been subjected to the shot blasting process left as it was, and these undenA^ent rust formation 
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simulation tests In the following sequenc of processes. The specimen was immers d in a water solution prepared by 
diluting synthetic seawater by 1000 tim s of water, and then taken out and dried so as to allow salt to deposit on its 
surface, and this was exposed to ambient temperature of 50**C and relative humidity of 98 % for a week. 
[0076] In this case, in order to obtain a reference value, specimens, which had the same shape and dimension as 
s those as described above and which were finished through wet polishing by using emery paper (#600) on the entire 
surface, were prepared, and these also underwent the same rust formation simulation tests. 

[0077] After the tests, with respect to the surface of each specimen treated by the shot blasting, visual observations 
were carried out so as to examine it for the presence of discolored portions visually confirmed clearly, that Is, the 
presence of rust, and for the ratio of generation area. The ratio of generation area of rust not less than 5 % was 
10 estimated as being inferior "x", and the ratio of less than 5 % was estimated as being superior " "O". 

[0078] Table 3 shows the results of the above-mentioned researches, together with the results of the image analyses, 
that is, the remaining states of mill scales. Here, Table 3 also shows general estimations, and in the general estimations, 
those which are superior both in sulfide stress cracking resistance and In rust forming resistance are ranked as O"; 
those which are 
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20 



superior in sulfide stress cracking resistance but inferior in rust forming resistance are ranked as XT\ those which are 
superior in rust forming resistance but inferior in sulfide stress cracking resistance are ranked as "A"; and those which 
are inferior both in sulfide stress cracking resistance and in rust forming resistance are ranked as "X". 
[0079] As clearly shown by Table 3, among th steel pipes of specimens 1 to 7 as well as 10 and 11 which satisfy 
s the relationship between the maximum frequency Yp of the pixel number histogram as the results of the image analysis 
of the inner surface and the tone value Xpat which the maximum frequency Yp has been counted satisfies an inequality, 
eoOXp - Yp - 27000 > 0. the steel pipes of specimens Nos. 1 to 7 are superior in both rust forming resistance and 
sulfide stress cracking resistance. 

[0080] In contrast, those steel pipes of specimens Nos. 8, 9 and 11, which do not satisfy the Inequality, 800Xp - Yp 
10 - 27000 > 0, are all inferior in rust forming resistance Independent of the surface roughness Ry 

[0081] Here, among those steel pipes that satisfy the inequality, 800Xp - Yp - 27000 > 0, the steel pipe of specimen 
No. 10 that has been subjected to the shot blasting process of the pressure blast system Is Inferior in sulfide stress 
cracking resistance, since Its surface roughness Ry is 57 ^im exceeding 50 |im. 

[0082] Moreover, the steel pipe of specimen No. 12 that has been subjected to the shot blasting process of the 
'5 vacuum suction blast system is inferior In both rust forming resistance and sulfide stress cracking resistance, since Its 
surface roughness Ry is 88 pm exceeding 80 \xm. 

[0083] Therefore, in the case when a sufficient sulfide stress cracking resistance is demanded, It is preferable to set 
the surface roughness so as to have a maximum height Ry of not more than 80 fim. 

[0084] Moreover, among those steel pipes that do not satisfy the inequality, BOOXp - Yp - 27000 > 0, the steel pipes 
of specimens Nos. 8 and 9 are superior in sulfide stress cracking resistance since their surface roughness Ry are 32 
|nm within not more than 50 ^m, and 61 jam within not more than 80 \xm, respectively. 

EXAMPLE 2 

2S [0085] Among the six kinds of steels whose chemical compositions are listed in Table 1 , stool Nos. a through c were 
used in Example 2. With respect to these steels, solid round billets of 1 92 mm in outer diameter and two kinds of ste I 
sheets of 6 mm in thickness, 1015 mm in width and 30 m in length as weU as 25 mm in thbkness, 1915 mm in width 
and 12 m in length were respectively prepared. 

[0086] After having been heated to 1250*C, the solid round billet was pierced into a hollow shell by using a piercer 
30 mill, and then successively formed Into a mother pipe for finish rolling by a mandrel mill, and after having been re- 
heated to 1100'C. this was finished to a seamless steel pipe by a stretch reducing mill so as to have 63 mm in outer 
diameter and 6 mm in thickness, and then cut so as to provide a pipe having 12 m In length, 
[0087] Moreover, with respect to the steel sheet having 6 mm in thickness, 1015 mm in width and 30 m In length, 
this was formed into a pipe having 323 mm In outer diameter and 6 mm in thickness, and then seam welded in the 
55 length direction by using a laser welding method, and this was then cut so as to provide a laser welded steel pipe 
having 12 m in length. 

[0088] With respect to the steel sheet having 25 mm In thickness, 1915 mm in width and 12 m in length, this was 
formed Into a pipe shape by using a U press and then an O press, and then seam welded by a submerged arc welding 
method by using a welding material of two-phase stainless steel (corresponding to SLJS329J4L standardized by JIS), 
40 thereby preparing a UO welded pipe having 609 mm in outer diameter, 25 mm in thickness and 12 m In length. 

[0089] The respective resulting steel pipes were subjected to a quenching process in which they were heated to 
950'C and maintained at this temperature for 60 minutes and then cooled off by air, and then subjected to a tempering 
process In which they were heated to 650'C and maintained at this temperature for 30 minutes and then cooled off by 
air; thus, steel pipes with mill scales were prepared. Here, with respect to steel No.c, It may be subjected to a quenching 
process in which after heated and maintained, this is cooled off by water; however, In the present example, the quench- 
ing process which uses cooling by air after the steel product has been heated and maintained was adopted. 
[0090] Shot blasting processes of the vacuum suction blast system and the pressure blast system using alumina 
grains for shot blasting were respectively carried out on the Inner pipe surface of the steel pipes so as to remove the 
mill scales therefrom; thus, the surface was finished so as to satisfy the above-mentioned inequality, BOOXp - Yp - 
so 27000 > 0, and their surfaces were adjusted to various degrees of roughness, and used for the following sulfide stress 
cracking tests. 

Tests for sulfide stress cracking: 

ss [0091] Four-point bent beam specimens having 2 mm in thickness, 10 mm in width and 75 mm In I ngth were formed 
withth inner pipe surface having be n subjected to th shot blasting proc ss left as it was, and these und rwentt sts 
for sulfide stress cracking under any one of the following 3 test conditions A to C shown In Table 2. 
[0092] In this case, in order to obtain a reference value, four-point bent beam specimens, which had the same shape 
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and dimension as those as described above and which were finished through wet polishing by using mery paper 
(#600) on the entire surface, were prepared, and these also underwent the same tests tor sulfide stress cracking. 
Moreover, a bending strain causing a bending stress corresponding 100 % of the 0.2 % yield stress of each steel 
specimen was applied to the four-point bent beam specimen. 

s [0093] After the tests, each of the specimens was observed on its surface by naked eye and examine on its cross- 
section by an optical microscope so as to examine the presence of cracking. Under the condition where no sulfide 
stress cracking occurred in the reference specimen which has the entire polished surface, those on which cracking 
was obsen/ed were estinnated as being inferior "X", and those on which no cracking was observed were estimated as 
being superior "O". The results are collectively shown in Table 4. 

10 [0094] Table 4 clearly shows that the steel pipes (specimen Nos. 16 to 19, 23, 24. 28 and 29) of Examples of the 
present invention, which have been subjected to the shot blasting process of the vacuum suction blast system so as 
to remove mill scales from the steel pipe inner surface and which have a surface roughness after the process with a 
maximum height Ry of not more than BO |am, exhibit virtually the same corroskxi resistance (sulfide stress cracking 
resistance) as the reference steel pipes (specimen Nos. 22, 27 and 32). 

IS [0095] In contrast, the steel pipes of comparative examples (specimen Nos. 21, 26 and 31), which have a surface 
roughness after the shot blasting process of the vacuum suction blast system with a maximum height Ry exceeding 
80 )im, and the steel pipes of comparative examples (specimen Nos. 20, 25, 30), which have a surface roughness 
after the shot blasting process of the pressure blast system with a maximum height Ry exceeding 50fim, are Inferior 
In corrosion resistance (sulfide stress cracking resistance) as compared with the reference steel pipe, 
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[0096] The martensitlc stainless steel product of the present invention is superior in corrosion resistance, niore spe- 
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cifically, in rust forming resistance and further sulfide stress cracking resistance, even wh n tine surface thereof is left 
as it is after a shot blasting process. Moreover, this steel product is readily finished so that the surface state allows to 
satisfy a specific value obtained from the results of an image analysis made by a color image of its surface, and also 
have a specific surface roughness; therefore, it is possible to omit a pickling process, to reduce the production cost, 
5 and also to improve the working environments. 



Claims 

10 1. A martensitic stainless steel product characterized in that it has a chromium content of 9 to 15 % by weight and a 
surface from which mill scales have been removed by shot blasting, the surface satisfying the inequality, 

800Xp - Yp - 27000 > 0, at an analysis of blue colour in a colour image of the surface taken with 640 x 480 
pixels, wherein Yp represents the maximum frequency in a histogram of the pixel numbers and the tones divided 
into 0 to 255 classes and Xp represents the tone value at which Yp is counted. 

IS 

2. A product according to claim 1 , wherein the colour innage of the surface is taken under 200 Ix of luminance adjusted 
by using a metal halide lamp. 

3. A product according to claim 1 or 2, wherein the surface has a roughness having a maximum height Ry of not 
20 more than 80 |im. 

4. A product according to claim 3, wherein the surface has a roughness having a maximum height Ry of not mor 
than 50 \im. 

2S 5. A product according to any one of claims 1 to 4. wherein the martensitic stainless steel further comprises, by 
weight, not more than 0.5% carbon, not more than 1 % silicon, not rTX>re than 6% manganese, 0 to 8% nickel, 0 to 
7 % molybdenum, 0 to 0.1 % titanium. 0 to 0.1% zirconium, 0 to 0.1% niobium andO toO.1% soL aluminium. 

6. A product according to any one of claims 1 to 5, which is a seamless steel pipe having the surface state on at least 
30 the inner surface of the pipe. 

7. A product according to any one of claims 1 to 5, which is a welded steel pipe having the surface state on at least 
the inner surface of the pipe. 

35 8. A martenistic stainless steel product characterized in that it has a chromium content of 9 to 15% by weight and a 
surface from which mill scales have been removed by shot blasting using a vacuum suction system, wherein the 
surface has a roughness having a maximum height Ry of not more than 80 |im. 

9. A martenistic stainless steel product characterized in that it has a chromium content of 9 to 15 % by weight and a 
40 surface from which mill scales have been removed by shot blasting using a pressure blast system, wherein the 

surface has a roughness having a maximum height Ry of not more than 50 |im. 

10. A product according to claim 8 or 9. which Is a seamless steel pipe having the surface state on at least the inner 
surface of the pipe. 

45 

11. A product according to claim 8 or 9, which is a weWed steel pipe having the surface state on at least the Inner 
surface of the pipe. 
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